Abstract In order to assess overweight in urban schoolchildren (298 boys and 298 girls) aged 9-16 years in Dalian, China, their body height, weight, skinfolds at triceps, biceps, subscapular and suprailiac, and body circumferences of mid-upper arm, waist and hip were measured. The results showed that the prevalence of overweight, based on the United States Centers for Disease Control 2000 reference values using body mass index (BMI), was 22.9% in boys and 10.4% in girls, which was higher than that of indicated in Chinese national surveys of recent decades. More boys were overweight than girls due to excessive increase in body fat, although the prevalence of overweight in girls prevalence increased from 13 years. Discussion here focuses on the effects of behavioral patterns on overweight in Dalian schoolchildren, paying attention to gender difference.
Introduction
In accordance with the nutrition transition, represented by an increase in consumed amounts of protein-and fat-rich food and a decrease in time spent on daily activities with a high physical load (Popkin, 2001) , overweight or obesity has become prevalent among not only adults but also children, leading to a serious public health problem worldwide (WHO, 1998) . In particular, childhood overweight/obesity triggers various adverse health effects, mostly related to chronic degenerative diseases, not only in childhood but also in subsequent adulthood (Power et al., 1997; Must and Strauss, 1999) , even though child undernutrition is still critical in some areas of developing countries (Wang et al., 2002) .
China is one such country. Since the late 1970s and 1980s, when the transition from a planned economy to a market economy took place, gross national product, household income and personal expenditure have drastically increased (Administrative Committee on Coordination, Subcommittee on Nutrition, 1992; Shen et al., 1996) . In the course of this transition, the lifestyle of many Chinese has been modernized, particularly in urban areas, increasing intake of energy-dense diets, time of television viewing, and frequency of using modern transportation. Consequently, prevalence of overweight/ obesity has rapidly increased among urban dwellers (Popkin, 2001; Chen, 2000) .
The longitudinal and cross-sectional China Health and Nutrition Surveys for schoolchildren conducted for 8 provinces in 1991 and 1997 revealed that overweight, based on the criterion of Cole et al. (2000) using body mass index (BMI: body weight [kg]/stature [m] 2 ), increased from 7.7% to 12.4% in urban areas and from 5.9% to 6.4% in rural areas, with higher prevalence in boys than in girls (Wang et al., 2002) . Particularly high prevalence was reported from economically developed cities such as Bejing (Group of China Obesity Task Force, 2004) and Shenzhen (Li and Bell, 2003) ; Dalian, where this study was undertaken, is also well known for its economic development.
Most previous studies for overweight and obesity in Chinese people treated only BMI, neglecting body fatness. Based on the authors' anthropometric measurements of not only body height and weight but also skinfold thinknesses and circumferences, for Dalian schoolchildren aged 9-16 years, this paper aims to report on the prevalence of overweight, comparing the result with the BMI-based reference data of the United States Centers for Disease Control (CDC) and relating to their fat accumulation, paying special attention to differences between sex and by age.
Overweight in Urban Schoolchildren

Subjects and Methods
Dalian
Dalian, located from 120°58Ј to 123°31Ј east longitude and from 38°43Ј to 40°10Ј north latitude and covering an area of 12,574 km 2 , is among the top ten urban cities in China and the largest administrative, industrial, commercial and tourism center in the northeast region, with an international trade port. In 2003, its population amounted to 5.6 million (urban population, 2.7 million), and the average annual per-capita income was about 9,100 Chinese Yuan (equivalent to US$ 1,000), the per capita GDP being 29,200 Chinese Yuan (US$ 3,529); these amounts were about twice the averages of the whole of China. The enrolment rate of primary and middle schools exceeds 99%. Telephones and televisions are owned by most families, and personal computers and cars are also popular. Meanwhile, many fast-food restaurants are to be found in the centre of the city.
Subjects
From one primary school and one middle school, located in the central part of the urban area in Dalian, 50 boys and 50 girls from each of the grades 4 to 6 in the former and the grades 1 to 3 in the latter were randomly selected as the subjects of this study. Of the 600 students, 298 boys and 298 girls aged 9-16 years were analyzed in this paper due to the exclusion of 2 boys and 1 girl who were 17 years old at the time of the survey in May 2004, and of 1 girl who did not participate in anthropometric measurement because of sickness. Informed consent was obtained from each child and his/her parent(s) after explanation of the purpose of the research and its contents through the school teachers.
Measurements
Anthropometric measurements were conducted, following the standard methods (Weiner and Lourie, 1981 
Statistical analysis
Sex differences in all anthropometric indicators were analyzed by the Student's t-test and comparisons between the present data and the reference data were also done using the Student's t-test. Fisher's exact test was applied to comparison of overweight prevalence in the subjects by sex and age groups. All statistic analyses were performed, using the SPSS 10.0 (Statistical Package for the Social Science, SPSS Inc. Tokyo, 1999) . The level of significant difference was set at pϽ 0.05.
Results
The means (M) and standard deviations (SD) for body height, weight, and BMI of the subject boys and girls are 42 Overweight in Dalian Schoolchildren Overweight was defined as the >85th percentile of BMI-for-age based on NHANES-III data.
shown in Table 1 . Significant sex differences were found in height at ages 13 and over, in weight at ages 10, 13 and over, and in BMI at age 10, being larger in boys (pϽ0.05 for any). The overweight prevalence for the Dalian subjects was calculated at 22.9% for boys and 10.4% for girls (pϽ0.05), as the 85th percentile of the CDC references (based on NHANES-III data), according to an internationally standardized method (Table 2) . Table 3 shows the means and SDs for skinfold thicknesses at 4 sites. It is noted that skinfolds at subscapular and suprailiac sites exceeded 40 mm for some participants and consequently such values were treated as 40 mm in this study. The results demonstrate marked sex differences, represented by larger skinfolds at any 4 sites and in the sum in boys at age 10 (pϽ 0.05 for any) but skinfolds were larger in girls at triceps, subscapular and suprailiac sites at age 14 (pϽ0.01 for both), at triceps at age 15 (pϽ0.05), at biceps and triceps at age 16 (pϽ 0.01 for both), and in the sum at ages 14 and 16 (pϽ0.01 for both). Thus, 10-year-old boys had larger skinfolds and 15-yearold boys had smaller skinfolds whereas 10-year-old girls had smaller skinfolds and 15-year-old girls had larger skinfolds; due to the small samples, however, these differences were judged to come mostly from by-chance fluctuations. The fact that the sum of 4 skinfolds was larger in girls at ages 14 and 16 reflected the girls' rapid increase from 13 or 14 years old. There was significant correlation between the sum of 4 skinfolds and AFA (Pearson's rϭ0.96, pϽ0.01).
The means and SDs for 3 circumferences (MUAC, WC and HC), AMA, AFA and waist/hip ratio (W/H) are shown in Table  4 . Similar to skinfolds, circumferences were relatively larger in 10-year-old boys and relatively smaller in 10-year-old girls. Sex differences were found in several parameters: MUAC and HC were larger in boys at age 10; AMA was larger in boys at ages 13 and over; AFA was larger in boys at age 10 but larger in girls at ages 14 and 16; WC was larger in boys at ages 10, 11, 13, 15 and 16; and W/H was larger in boys at all ages except 9 (pϽ0.05 for all). In short, the sex differences were characterized by larger WC, AMA and W/H in boys at higher ages, or 13 years or more. Regarding the inter-parameter relations, a significant correlation was found between AFA and MUAC, WC or HC (Pearson's rϭ0.90, 0.85, 0.75, respectively, pϽ0.01 for any). Figure 1 shows the relationship between AFA and BMI by age group, in which 9-year-old children were excluded due to the small sample size and unstable values. There were significant relationships between BMI and AFA in every age group and sex (pϽ0.001 for all). However, there were different patterns between BMI and AFA during different age periods. For 10-12-year-old children, when BMI was larger than 18.5 kg/m 2 , there was a larger AFA in boys than in girls at the same value of BMI since the slope (b) of regression line was larger in boys than in girls; for 13-16-year-old children, however, there was more AFA (around 5 cm 2 ) in girls than in boys at the same value of BMI. In other words, fat accumulation relative to BMI progressed rapidly in youngerage boys and older-age girls.
Discussion
Overweight in urban Chinese children
This discussion begins with a comparison of the present data with those reported for Chinese children. Available are data of height and weight obtained in the Second and Third Chinese National Nutrition Survey in 1982 (CNNS-1982 ) and 1992 (CNNS-1992 (Ge et al., 1996) Fig. 2 , there were large differences in height and weight among the 3 national surveys, though less remarkable in girls of higher ages. Due to high comparability of the 3 sets of data, i.e. CNNS-1982 , CNNS-1992 and CASSCH-2000 , it is reasonable to judge that the inter-year differences were primarily due to secular change.
Compared to the nationwide data, Beijing children (Group of Students Constitution and Health, 2002) and the Dalian subjects had larger values, and differed to lesser extents from that of the United States (Centers for Disease Control, 2003) , particularly in the height of both sexes, followed by boys' weight. As aforementioned, the overweight prevalence for the present Dalian subjects was 22.9% for boys and 10.4% for girls as the 85th percentile of the CDC references, based on NHANES-III data; the mean values of NHANES-III data are also shown Fig. 2 . For Beijing children involved in the CNSSCH-2000 survey aged 7-18 years, the prevalence of overweight was 20.0% in boys and 15.9% in girls, according to the cut-off points of the 85th percentile of the CNNSSCH reference population (Group of China Obesity Task Force,  2004 ). In addition, Li and Bell (2003) reported that the prevalence for Shenzhen children aged 7-11 years in 1999 was 19% for boys and 11% for girls, using the International Obesity Task Force (IOTF) reference (Cole et al., 2000) . Although it is difficult to make inter-city comparisons due to different standards and age-groups, it is clear that overweight is increasing in Chinese schoolchildren of urbanized cities.
BMI and fat mass
One of the foci in this study was to treat body fatness as an indicator of overweigh/obesity. AFA was used as the indicator of fat mass for the following discussion since AFA was highly correlated with the sum of 4 skinfolds (rϭ0.96, pϽ0.01) in this study, together with AMA as an indicator of muscle volume in the same site. Dalian children's larger BMI were attributed to more fat accumulation since there were significantly positive relationships between BMI and AFA in every age group and sex. However, fat accumulation relative to BMI progressed at a different speed in different age periods in this study, represented by accumulating more fat proportionately to BMI in younger-age boys and older-age girls. In any existing standards to assess overweight based on BMI cut-off, however, there are no clear differences between sexes in any age group. Thus, there is a high possibility that the prevalence of overweight due to fat mass is apparently masked when it is evaluated only from BMI.
Since there are no available data of AFA and AMA for urban Chinese children, the present data were compared with NHANES-I and -II data for their US peers (Frisancho, 1990) , which are representative of children in Western countries. Figure 3 illustrates the mean age-specific AFA and AMA of the subject boys and girls and the 25th, 50th and 75th percentiles of the NHANES data. For the AMA of boys, the subject group was similar to the 50th percentile at ages 9 and 10, the 25th percentile at ages 11 to 14, and then below the 25th percentile thereafter. For the AMA of girls except age 9, the values were similar to the 50th percentile up to 12 years, the 25th percentile at ages 13 to 15, and again approached the 50th percentile at age 16. In contrast, the AFA of the subject children corresponded to much higher percentiles; the boys' values slightly fluctuated around the 75th percentile, while the girls' values did so around the 50th percentile, except at ages 9 and 16, where they were placed between the 50th and 75th percentiles. It is thus clear that the Dalian children, particularly males, accumulated more fat but less muscle, compared with their US peers.
Sex differences in overweight and body fatness
For children in Western countries, sex differences in overweight prevalence are not usually marked, and some studies revealed that girls tend to have a slightly higher prevalence than boys (Kromeyer-Hauschild et al., 1999; Flegal et al., 2001) . In the present subjects, however, boys were more overweight, being consistent with previous studies for Chinese, including the Chinese 8-province surveys (Wang et al., 2002) and an individually conducted survey in Shenzhen city (Li and Bell, 2003) . This pattern is unique because as has been commonly recognized (Bogin, 1999) , boys have greater muscle mass at all ages, and, conversely, girls tend to have more subcutaneous fat at all ages, and during adolescence the total fat mass is reduced in boys but increases in girls. In the present study, rapid increase of body fat at adolescent age was observed in girls, represented by an increase in the sum of 4 skinfolds, particularly at subscapular and triceps; although the age at onset of adolescence was not identified for the subject children, it is reasonable to suppose that it occurred around 13 years, reported as the age of menarche for urban Chinese girls in 2000 (Group of Students Constitution and Health, 2002) .
It is reasonable to consider that such sex differences were primarily attributable to different behavioral patterns and preference in body image. According to the authors' observations and interviews with the school teachers in Dalian, boys spent more time on computer games and television viewing. In contrast, girls tended to spend more time in outdoor activities, such as shopping with their friends. On the other hand, preference of thinness in body image has become prevalent in females, including adolescents, in China, contributing to their lower prevalence of overweight (Wang et al., 2002) .
Behavioral patterns as causal factors
The particular increase in body fatness among urban Chinese children, especially boys, in recent decades has been primarily caused by nutrition transition (Popkin, 2001 ). According to Wang et al. (1998) and Chen (2000) , fat intake of urban boys increased by 30-50% from 1989 to 1993, attributed to increased consumption of animal food and vegetable oil. It was also pointed out that elevated disposal income increased consumption of expensive energy-and fat-dense food such as fast food and, consequently, the children have been consuming more Western food than ever (Cheng, 2003) . Regarding daily behavior, urban Chinese children spend a long time on homework to achieve better scores in school examinations, strikingly decreasing time on moderate and vigorous physical activities outside of the home and school (Tudor-Locke et al., 2003). Furthermore, television viewing and computer games have become popular among urban schoolchildren, particularly boys (Wang et al., 2002) .
The overweight prevalence and excessive fat accumulation of Dalian schoolchildren, especially boys, revealed in this study has already reached a critical level. Particularly important causes were rapid behavioral change in the recent decades. Taking into account that childhood and adolescent obesity trigger the risk of obesity and cardiovascular disorders in adulthood, effective programs focusing on healthy dietary intake and daily activity patterns are urgently needed for urban-dwelling children in China.
